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BODHIDEEP JOARDAR The approximation of π is a popular pastimeof students of mathematics and I have started withthe familiar age-old way, of fitting a regular polygon
tightly in a circle of radius r. The vertices of the n-sided
polygon are joined to the centre of the circle so that the angle
subtended at the centre by each segment is 360◦/n. If n is
sufficiently large, the perimeter of the polygon approaches
the circumference 2πr of the circle and this approximation
improves as the number of segments increases. My object is
to find a formula for π that is independent of the radius r.
The change that I have made is that I have used the cosine rule
and a few trigonometric identities to calculate the perimeter of
the polygon. Once I got a formula for π, my approximation
has been improved with the use of a scientific calculator.
Figure 1. Up to this it is similar to Archimedes' construction,
but instead of using Pythagoras' Theorem as he did,
I want to use the law of cosines.
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In Figure 1, the polygon is divided into n isosceles triangles, having equal arms of length r (the radius of
the circle) and congruent to one another. Using the law of cosines the base△l of each triangle satisfies the
relation,
(△l)2 = r2 + r2 − 2.r.r. cos 360
◦
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For sufficiently large n, the perimeter of the polygon, i.e., n.△l will approximate the circumference of the
circle.
So, the circumference 2πr ≈ n.△l = nr
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Therefore, π ≈ n2
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, which is independent of the radius r as it should be. This is the
desired formula for π, which can be simplified further by using the identity
cosA− cosB = 2 sin B+ A2 . sin
B− A
2 .
So,
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That is, π ≈ n sin 180
◦
n , a simple formula.
Taking n = 24, the value of π is 3.132628613281238…..
Taking higher and higher values of n and applying this formula, we can get better and better
approximations of π. Let us look at Table 1.
n π
24 3.132628613281238…
96 3.14103195089051…
576 3.141577077703974…
20736 3.141592641571345…
124416 3.141592653255947…
746496 3.141592653580528…
Table 1. Improved approximations for π
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